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- SUMMARY OF RESEARCH

The major goals of this research are to generate a deep understanding
of communication channels and sources and to use this understanding in
the development of reliable, efficient communication technigues. Research
has centered on four types of channels: zdditive Gaussian noise channels,
fading dispersive channels, atmospheric optical channels, and, more
abstractly, discrete memoryless channels,

1. Additive Gaussian Noise Channels

Much of the recent effort on Gaussian noise channels hae been concerned
with using the experimental sequential decoding facility t¢ simulate the
effect of sequential decoding on 2z deep space link., Early simulations
assumed the availability of both phase reference and synchronization. 1 It
was found that reliable communicaticn could be achieved by using an
encoder constraint length of 1€ or 24 information bits and a signai-to-
noise ratio 3 db or 4db above channel capacity. The regulte omn the distri-
bution of computation and on error probability were in excellent agreement
with theory., More recent simulations have employed a decision-directed
feedback technique within the deceder to provide a channel phase reference
in the presence of varicus kinds of mandcm phase variations.2 A general
theoretical investigation is under way for obtaining syn&i"onizatien in
communication systemns with the use ¢f coding.

An investigation has been completed con the topic of optimum receivers
for Markov sources with nonlinear modulation on 2 Gaussian noise chann:eL.3
Approximate mean-square-error estimators and the corresponding receiver
structures were derived by using 2 state-variablie approach.

2. Fading Dispersive Channeis

Although bandlimited fading dispersive chamnels are often encountered,
neither their vltimate performance iimitations nor effective techniques
for cummuniczating over them have heen well understood., These problems
have bean attacked from 2 variety of standpoints in the last six months. One
doctoral thesis, which should be completed by January 1967, is concerned
with the ultimate performance limitations, and has reduced the proplem
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a set of simpler parallel channels, alil of which are statistically related.
A doctoral thesis is under way to investigate the general propertics of

pa*al'lel statisically related channels in the absonce of crosstalk, A
third approach, which is being pursued in & prospective docioral thesis,

is to siudy dispersive channele in the limit of very slow time variations.

Experimental study of fading dispersive channels is alsc being pursued,
with the use of the "busble-iank® channel. Instrumenistion and computer
programs have been developed for this channel and some coding fechaigues
have Lieen investigated experimentally. *

3. Atmospheric Optical Channels

Arn exzperimental and theoretizal investigation of the furbulent aimos-
phere ag an optical communication chanrel has been initizted. The experi-
mental aspects of the investigation have been pursued by three graduate
students who are developing equipment to measure the phase, intensity,
and polarization fluctuations induced by the turbulence; their work should
be cocmplated by the middle of September. The theoretical investigation,
which began last fall, has focused upon an ana}_ysis technique involving

gecomeatric optics: nreliminarv reguiis wera report at the recent Optical
> e & o
Society of America meeting and pr
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4. Diserete Memoryless

A paper has been comipleied giving lower bouads io the mininum
achievable €rror pro

wemoryless channels, The sxponencial dependence on block lengih fur
these bounds agrees at zero iranemizsion rate and at high travemission
rates with previcusly derived uvpper vounds, For scurce rates above

~rannel caracity . wod igtortion feclaigues have beon used to fi18 oz ct
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on the effect of running a number of sequential decoders in D
simple algebraic coding between them. Such a techni
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wnigue allows reliable
communication at rates above the normal compuiational cutoff rate of

sequential decoding.
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